Background
Human cytomegalovirus (HCMV), a prototype member of the b-herpesvirus family, is a double-stranded DNA virus, with a genome of »235 kb encoding approximately 165 functional genes [1] [2] [3] . The linear viral DNA core of HCMV located in an icosahedral nucleocapsid is enveloped by a proteinaceous matrix ('tegument'), which is enclosed in a lipid bilayer envelope that contains a number of functionally important glycoproteins such as unique long 83 (UL83), UL82, UL32 and UL99 [4] . HCMV is readily transmitted by direct contact via exposure to body fluids such as saliva, urine, feces, semen, tears and breast milk. The seroprevalence of HCMV infection in human populations ranges from 30% to 90% in developed countries and more than 90% in developing countries [5, 6] . In general, infection with HCMV remains benign with no clinical manifestations, or is associated with a self-limited mononucleosis-like syndrome only. While in immunocompromised individuals, such as people with HIV infection or advanced cancer, organ transplant, or bone marrow stem cell transplant, HCMV can be reactivated from latency and is a leading cause of morbidity and mortality. Additionally, congenital HCMV infections are a leading cause of birth defects and infections in children, occurring in 1% to 2% of all live births [6] . Currently available drugs for the treatment of HCMV infection in the immunocompromised host are mainly targeted at the viral DNA polymerase, including ganciclovir, its oral prodrug valganciclovir, cidofovir, and foscavir [7] .
The HCMV genome is one of the largest and most complex genomes among the human herpesviruses [3] . A substantial portion of the HCMV genome encodes proteins with the potential to determine virulence through cell tropism, immune evasion, molecular mimicry, or interference with host chemokines. The ULb' region of HCMV genome was found in Toledo and several other low-passage clinical isolates, but was not found in laboratory AD169 strain (X17403) and Towne [8] . The fact that AD169 has attenuated virulence and different tropism for endothelial cells than lowpassage clinical isolates suggest that the products of ULb' genes determine the clinical outcomes of HCMV infection.
A small number of HCMV genes have been analyzed in clinical isolates from Chinese neonates, such as UL128 [9] , UL130 [9] , UL138 [10] [11] [12] , UL139 [13] , UL143 [14] , UL145 [15] , and UL148 [16] . However, little is known about the function of both UL145 and UL136 genes located in the ULb' region. In this study we investigated the sequence variations and expression of UL145 and UL136 in clinical isolates from HCMV-infected Chinese newborns. We also predicted the structure and function of UL145 and UL136 proteins using bioinformatics approaches.
Material and Methods

Reagents and instruments
Human embryonic lung fibroblasts (HELFs) were obtained from American Type Culture Collection (ATCC, Manassas, Virginia). Dulbecco's modified Eagle's medium (DMEM) was purchased from Gibco, and Nonidet P40 from Promega. rTaq, Ex Taq, Moloney murine leukemia virus (M-MLV) buffer, LA Taq, gelatum reclaiming kit, plasmid extraction kit, and pMD18-T vectors were all purchased from Takara Co. (Tokyo, Japan). The engineered bacterial strain JM109 was from Gene Co., the electrophoresis apparatus from Amersham Pharmacia Biotech (Buckinghamshire, UK), and gelatum imaging system from Multi Genius Co. (Syngene, Cambridge, UK).
Subject selection
Sixty-two infants infected with HCMV were recruited into this study from the Women and Children's Hospitals in Guangzhou from October 2001 to March 2002. Ethics permits were obtained from corresponding institutional human ethics committees. All clinical strains were found to contain detectable HCMV DNA as confirmed by a polymerase chain reaction (PCR) method. Clinical isolates were passaged less than 10 times through HELF cells and stored until use at -70°C for less than 1 week. Urine samples were collected from the infants and 500,000 U/L penicillin 2 ml and 100,000 U/L mycostatin 2 ml were added.
Viral inoculation of HCMV strains
All clinical strains were recovered from urine samples of infants infected with HCMV. Fresh urine (10 ml) from each of the newborns was centrifuged at 1100 g for 15 min. HELFs provided by ATCC were grown in DMEM medium (Gibco) supplemented with 10% fetal calf serum, and used at passage 10 to 20 for HCMV inoculation. An aliquot of urinary supernatant (100 µl) was inoculated into confluent HELF cells (5×10 6 ) cultured in DMEM medium with 2% fetal calf serum, and adsorbed at 37°C for 30 min. Inoculated fluid was then removed and cells were cultured at 37°C for 24 hr, and 48 hr after the cytopathic effects extended to >80% of the cells, cells were collected after treatment by 2.5% pepsin and centrifugation at 1000 g for 5 min. Typical cytopathic effects included increased cell size, rounding of infected fibroblasts, and the appearance of granular or dense intracytoplasmic and intranuclear inclusion bodies. The cell pellet was resuspended in culture medium with 10% fetal calf serum, and 10% dimethyl sulfoxide was added, mixed by gentle shaking and stored at -70°C until analysis within the next 10 days.
Viral DNA extraction
To extract viral DNA from infected HELF cells, 20% Nonidet P40 was added to 1 ml virus-infected cell suspension at a 1% final concentration, and vortexed for 30 sec. Protease K (200 µg/ml) and sodium dodecyl sulfate (SDS, 0.5%) were added to the mixture and kept at 37°C for 5 hr. The mixture was first purified by phenol and then by chloroform/isoamyl alcohol (24:1, v/v) before precipitation by sodium acetate and absolute alcohol. The resultant pellet was washed with 70% alcohol, centrifuged and dried, and then dissolved in TE buffer [10 one, 5 µl template, 1 µl (10 pmol/µl) for UL145-F/ UL145-R primers designed by Primer Premier 5.0 (Table 1) , and 31 µl sterile deionized water. The mixture was incubated at 94°C for 4 min followed by 30 cycles of incubation at 94°C for 1 min, 53°C for 30 sec, and 72°C for 30 sec. Thereafter, the mixture was incubated for at 72°C 10 min. The PCR products were separated in 1.5% agarose gels.
The PCR incubation for UL136 contained 1 µl LA Taq, 5 µl 10×PCR Buffer, 6 µl dNTP mixture and 2.5 µM for each one, 5 µl template, 1 µl (10 pmol/µl) for UL136-F/UL136-R primers, and 31 µl sterile deionized water. The PCR conditions were 94°C 4 min, followed by 30 cycles of 94°C for 1 min, 53°C for 30 sec, and 72°C for 30 sec. The 30 cycles were followed by 72°C for 10 min. The PCR production was loaded in 1.2% agarose gels. After electrophoresis, the 2 gene PCR products were purified using a gel reclaiming kit (Takara Co., Tokyo, Japan), then the fragments were cloned into the vector pMD18-T (Takara Co., Tokyo, Japan). The recombinants were transformed into engineering bacteria E. coli, JM109. The solid LB agar plate treated with ampicillin was used to screen the recombinants.
DNA sequencing
The plasmids and PCR products were subject to gel electrophoresis. Bacterial culture fluid containing positive recombinants was sequenced using an ABI 3730 automated sequencer (Applied Biosystem, Carlsbad, CA). The UL145 and UL136 genes were sequenced bilaterally to ensure accurate alignments of nucleotide position. Each sequence was verified in a separate amplification with negative control (water). The sequences were submitted to the GenBank sequence database provided by the National Center for Biotechnology Information (NCBI). The HCMV-infected cells were centrifuged at 3000 g for 25 min. The supernatant was treated with Trizol (1 ml per 1×10 7 cells) for RNA extraction. Progressing formaldehyde denatured agarose electrophoresis confirmed RNA integrity and lack of DNA contamination. The 50-µl RNase-free RNA purification system contained 20 µl total viral RNA, 10 µl 10×DNase I buffer, 5 µl DNase I (RNase-free), 1 µl RNase and 14 µl diethyl pyrocarbonate (DEPC)-treated water.
Analysis of nucleotide and amino acid sequences of
Paired RT-PCR primers were designed for UL145 and UL136 ( Table 2 ). The incubation was performed in a waterbath at 37°C for 30 min, and then mixed with 50 µl DEPC-treated water. It was purified with phenol/chloroform (1/1, v/v) and then with chloroform/isoamyl alcohol (24:1, v/v). The pellet was dissolved with 20 µl DEPC-treated water, followed by formaldehyde-denatured agarose electrophoresis. The 
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RNase-free PCR canoula 10 µl purified RNA of HCMV and 2 µl IEc-F/IEc-R (Table 1) . After incubation at 65°C for 15 min, the mixture was placed on ice for 10 min. The viral RNA was further incubated with 5 µl dNTP, 5 µl 5× M-MLV buffer, 1 µl M-MLV, 0.5 µl RNasin (a ribonuclease inhibitor purified from human placenta) and 1.5 µl DEPC-treated H 2 O at 42°C for 1 hr followed by incubation at 95°C for 10 min, and then was stored at -20°C.
Statistical analysis
Data of proportions were analyzed using the c 2 test and a P value of <0.05 was considered significant.
results
Clinical characteristics of the study population
Out of 62 cases, 33 were male and 29 female. The average age of infected infants was 46 days, ranging from 3 to 148 days. There were 27 cases aged from 3 to14 days, 12 cases from 14 to 28 days, and 23 cases from28 to 148 days. The 62 HCMV clinical strains were from 23 infants with jaundice, 11 with hepatitis syndrome, 6 with microcephaly, 5 with cerebral dysgenesis, and 5 with cerebral palsy (Table 3) .
HCMV low-passage clinical strains and analysis of the UL145 and UL136 genes
Among the 62 low-passage clinical isolates of HCMV, specific DNA bands were detected by PCR assays, while no viral DNA bands were found in the negative control. Two HCMV-specific conservative genes, late antigen (LA) and immediate early antigen (IEA), were detected in all HCMV-infected isolates. Two specific bands 209 and 401 bp long were detected in our PCR assays (data not shown). These 2 bands were not found in negative controls. Of 62 low-passage clinical strains, 2 (D2 and D3) were further analyzed. been deposited into GenBank under accession numbers of DQ180367, DQ180381, DQ180377, and DQ180389.
The UL145 and UL136 genes were successfully amplified by PCR methods and sequenced from the D2 and D3 strains ( Figure 1 ). The UL145 PCR product was 399 bp long, and that for UL136 was 1019 bp in length.
The UL145 and UL136 genes were highly conserved in all clinical strains. The nucleotide and amino acid identity was >96.3%. The clinical strains from infants with jaundice and anomalies in the central nervous system were distributed randomly in the 2 genes. There was no significant relationship between the clinical signs and symptoms and the UL145 and UL136 variations.
mRNA expression, homology analysis and functional prediction of HCMV UL145 and UL136 genes
The mRNA of the UL145 and UL136 genes in D2 and/or D3 isolates was determined using an RT-PCR technique ( Figure 2) . A specific band of 196 bp for UL136 mRNA and 394 bp for UL145 mRNA was detected in our RT-PCR assays.
The UL145 open reading frame (ORF) sequence of D2 and D3 strains had high homology with 10 strains from GenBank, including T9, T8, 9J, 20M, T27, T49, U253, 8J, T25 and T50 ( Figure 3 ). The UL136 ORF sequence of D2 and D3 showed high homology with 11 strains (4J, 51C, 39J, 33J, 63J, 22M, 10J, 32C, 29C, 27C, and Toledo) (Figure 4 ).
The UL145 gene cloned from the D2 and D3 isolates was 393-bp long (GenBank accession No.: DQ180367). The sequence of UL145 cloned in this study showed high conservation, and the aberration rate was 0.7-1.5% compared to other reference strains (n=10). Its predicted amino acid sequence also showed high conservation, and the aberration rate was 0.7-2.2% compared to the reference strains (n=11).
The UL136 gene cloned from the D2 isolates was 723-bp long (GenBank accession No.: DQ180377). UL136 was deducted to encode a protein of 240 amino acids. Compared to other reference strains, the sequence of UL136 was highly conserved, with aberration rates of 1.8-2.9% ( Figure 5 ). A total of 30 out of 1019 nucleotides in UL136 from the D2 isolates showed variations. In terms of amino acid sequence, the protein encoded by the UL136 gene from the D2 isolates had 14 variations and the mutation rate was 1.6-3.7% compared to other strains.
We studied the genetic evolution and sequence variations of UL136 when the UL136 gene of Toledo was employed as the root using the MEGA 4 program (http://www.megasoftware. net/). A phylogenetic tree was constructed using the nucleotide sequence of the UL136 gene from the D2 isolates and 11 of those previously published in GenBank. The cladogram is shown in Figure 6 . Three groups (clades) were found from the tree, but HCMV strains did not cluster preferentially based on the measure of divergence. A further analysis of the phylogenetic tree of UL145 and UL136 did not show any preferential clustering of clinical isolates (data not shown). The assessment of the genetic distance in HCMV strains in different groups of patients revealed an even distribution of viral sequences.
The deducted amino acid numbers were 131 for UL145 and 241 for UL136. On-line secondary structure anticipation and predicted isoelectric point (IP) of proteins encoded by the UL145 gene from various strains is shown in Table 4 and Table 5 , respectively. In the predicted secondary structure of UL145, 53 amino acids participated in a-helix formation, 23 residues formed extended strands, and 55 residues generated random coils. UL145 was predicted to contain 1 protein kinase phosphorylation site located at residues 64-66 and 2 casein kinase II phosphorylation sites located at residues 119-122 and 128-131. It might also contain a zinc finger at positions of 37 to 88.
An on-line anticipation of the post-translationally modified sites of the UL136 protein showed that it might contain a protein kinase C phosphorylation site, an N-myristoylation site, a cAMP-and cGMP-dependent protein kinase phosphorylation site and a tyrosine kinase II phosphorylation site. Compared to UL136 in Toledo strain, the UL136 protein in our D2 strain was predicted to contain an additional protein kinase C phosphorylation site located at residues 151-153, a tyrosine kinase phosphorylation site located at residues 141-149, and an amidation site located at residues 151-154.The predicted secondary structure of UL136 from D2 isolates contained a-helixes formed from 107 amino acids, b-folding formed from 17 residues and random coils generated from 116 residues, which were different among various strains. The predicted IP values and amino acid number of secondary structures of the UL136 protein in various strains are shown in Table 6 and Table 7 , respectively. discussion HCMV infection can cause an array of damaging clinical effects in the fetus, neonate and immunocompromised patients [2] . When occurring during pregnancy, HCMV can lead to neonate intrauterine infection, and 10% of infected neonates show symptomatic diseases and congenital birth defects such as fetal anomaly, deafness, mental retardation, microcephaly and hydrocephalus [17] . Congenital HCMV infection causes severe morbidity and mortality in newborns and is the major infectious cause of deafness and developmental anomalies in the central nervous system of children [17] . In this study, we have isolated 62 low-passage strains from HCMV-infected Chinese infants. Among these HCMV-infected Chinese infants, 37.1% (23/62) of them developed jaundice and 30.6% (18/62) of them had developmental defects in the central nervous system.
Currently, the mechanism for the reactivation and pathogenesis of HCMV is not fully understood; however, it has been suggested that the host's cellular immune responses may be associated with the genes related to the viral ability of avoiding organism immune aggression, virulence, and viral tissue and cell tropism [2] . The ULb' region, the unique structure of HMCV low-passage clinic isolates, is thought to determine the pathogenicity of HMCV. Several genes in this region have been found to encode products that can determine the interactions of HCMV-host and the clinical outcomes. Among 19 putative ORFs within this region, some functional genes have already been identified: UL146, encoding a viral a-chemokine (CXC-1) that induces calcium mobilization, chemotaxis, and degranulation of neutrophils [18] ; UL144, encoding a putative tumor necrosis factor (TNF) receptor [19] ; UL141, encoding a modulator of the natural killer (NK) cell-activating ligand CD155 [20] ; and UL142, encoding an MHC class I-like molecule that inhibits NK cellular lysis [21] . The UL131A-128 locus encodes products determining endothelial, epithelial, and dendritic cell tropism [22] [23] [24] . In addition, putative chemokine motifs have been shown in UL130 and UL128 [23, 25, 26] . The ability to infect endothelial cells and leukocytes is a nonessential virus-encoded function and is characteristic of clinical HCMV isolates, but it is not found in reference laboratory strains such as AD169, Towne, and Davis [27] . D2  D3  T9  T27  T49  T25  T50   α-Helix  53  52  53  44  53  44  53   Extended strand  23  23  23  26  23  26  23 Random coil 54 55 54 60 54 60 54 In AD169 and Towne, the loss of endothelial cell tropism and leukocyte transmissibility was associated with mutation of the UL131A, UL130, and UL128 genes [23] ; extensive fibroblast propagation of an endothelial cell tropic clinical isolate (VR6110) resulted in a tropism-deficient variant, probably due to the deletion of UL132-130 within the ULb' region [28] . UL128, UL130, and UL131 may participate in the entry of HCMV into epithelial and endothelial cells, since their mutations abolished the ability of epithelial and endothelial cell tropism [23, 24] . It appears that UL128, UL130, and UL131 must all bind simultaneously onto gH/gL, 2 viral glycoproteins, to form functional complexes that can mediate entry into epithelial and endothelial cells [29] ; however, data are limited about the function of UL145 and UL136.
Isolate
This study demonstrated that all the strains contained UL145 and UL136 as determined by PCR and sequencing analysis. Both UL145 and UL136 were shown to be highly conserved.
Compared with other genes such as UL144 and UL146 that are lesser conserved, UL145 and UL136 may be essential for HCMV replication and spread in various organs and for various damaging clinical effects of HCMV infection. Further studies are needed to explore the role of both UL145 and UL136 in the pathogenesis of HCMV infection.
We predicted the properties of the proteins encoded by UL145 and UL136 using a bioinformatics approach. The theoretical IP of UL145 was about 6.4, indicating that UL145 was an acidic protein; whereas that of UL136 was about 8. A prediction of the post-translational modification site of UL145 suggested a lack of terminal signal peptide and membrane-spanning domain. Thus, UL145 may not be a secretory protein. Similar to UL141, UL142 and UL147, UL145 appears to contain PKC and casein kinase II phosphorylation sites. The amino acid sequence, ranging from 37 to 88, may contain a zinc finger structure. The UL145 protein may interact with nucleic acid by direct binding.
In this study, UL136 was predicted to contain a protein kinase C phosphorylation site, N-myristoylation site, cAMPand cGMP-dependent protein kinase phosphorylation site and tyrosine kinase II phosphorylation site. These kinds of sites are related to membrane receptor-mediated signal transduction. Thus, the UL136 protein may participate in signaling pathways.
Compared to known sequences of UL136 from other strains in GenBank, UL136 is highly conserved. Compared to the Toledo strain, there were 18 different nucleotides in UL136 from the D2 isolates, which were dispersed within the coding regions located at positions 52, 96, 276, 377, 434, 444, 457, 550, 555, 559, 578, 586, 603, 607, 615, 624, 651, and 685. This would result in 6 substitutions in the amino acid residues in UL136, namely 126Q®R, 145G®E, 184A®T, 193V®E, 196P® S and 229S®G. Changes of amino acid residues at these positions are not supposed to significantly affect the function of UL136.
conclusions
In conclusion, both UL145 and UL136 are highly conserved and may be functionally important for the proliferation and spread of HCMV. UL145 may act as an intranuclear regulating factor by direct binding to DNA, while UL136 may serve as a membrane receptor involved in signal transduction. Further investigation is warranted to determine their role in clinical pathogenesis of HCMV infection and their therapeutic potential by interfering with the action of UL145 and UL136.
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